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Mitocondrias y aparato de Golgi en las c6lulas gigantes de la 
m6dula 6sea roja. 

Las cblulas gigantes hemoghicas de la m6dula roja de 10s 
huesos, las llamadas megacariocitos, contienen abundantes 
mitocondrias granulares y unas pocas de forma bacilar. En 
10s estados j6venes de estas c6lulas predominan las mitocondrias 
bacilares; en 10s estados mBs avanzados existe un exceso de 
mitocondrias granulares. Las mismas c6lulas contienen tambi6n 
un aparato de Golgi relativamente pequeiio, el cual aparece 
bajo la forma de un ovillo m8s o menos complicado, localizado 
en la vecindad de 10s centrosomas. El aparato de Golgi se 
fragmenta y desaparece en 10s estados multinucleados avanzados 
de las c6lulas en cuesti6n. Ambas estructuras pueden obser- 
varse en las mismas cklulas despu6s de un tratamiento pro- 
longado con una soluci6n de Bcido 6smieo a1 2%. El aparato 
de Golgi asi puesto de manifiesto es una estructura completa- 
mente diferente del reticulo canalicular o ‘%rofospongio,” de- 
scrito primeramente por Retzius en estas cklulas, fijadas con 
las soluciones de Rabl o Carnoy. 

Los resultados de este estudio indican que el llamado trofospon- 
gio en estas cdlulas, tal corn0 aparece despuks de la fijaci6n en 
liquid0 de Carnoy, es un artefacto; que la red de Golgi consiste 
de fibrillas varicosas y bastoncitos anastomosados, y que el 
aparato de Golgi y las mitocondrias son esencialmente prociones, 
diferentes morfol6gicamente, de la misma substancia, result,ando 
el primer0 de la fusi6n de aqu6llas cuando se agregan en la 
veciandad de la centrosfera. 

Translation by J o d  F. Nonides 
Cornell Medical College, New York 
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TWO PLATES (FOURTEEN FIGURES) 

INTRODUCTION 

This investigation was undertaken with the view mainly of 
adding to  our knowledge of the giant-cells of red bone-marrow. 
Whatever information might accrue with respect to the sigiii- 
ficance of mitochondria and the Golgi apparatus was a secondary 
and incidental consideration. Only giant-cells of the hemogenic 
series come within the scope of this investigation. This work 
has no reference to the osteoclasts. 

In connection with previous studies of the medullary giant- 
cells, numerous unsuccessful efforts were made, extending over 
several years, to demonstrate in the extensive cytoplasm of these 
giant-cells, by various standard technics, mitochondria, an 
internal reticular apparatus of Golgi, and the trophospongium 
of Holmgren. A recent more intensive application to  this 
specific aspect of the general problem of the structure and 
significance of the hemogenic giant-cells, consisting mainly of 
experiments with modifications of the several fixing fluids in 
more general use for the demonstration of these structures, has 
yielded positive results with respect to both mitochondria and 
the Golgi apparatus, and more or less provisional results regard- 
ing the so-called trophospongium. 

MATERIAL AND METHODS 

The material employed was the femoral marrow of the rabbit 
and guinea-pig, both infantile and adult. The method that 
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finally gave the most satisfactory results was a modification, 
with respect to time of fixation, of the Kopsch technic. This 
consists of immersion of very small pieces of the marrow in a 
2 per cent solution of osmic acid for a period of four weeks. 
The tissue must be kept in the dark in an air-tight, glass-stop- 
pered vial during the entire period of fixation. This technic 
reveals both mitochondria and a Golgi apparatus in the same 
sections and in the same cells. 

GENERAL 

Only two references occur in the literature concerning mit,o- 
chondria in medullary giant-cells. Dubreuil (’10) records 
observations on both the osteoclasts (myeloplaxes of Robin) 
and what he terms the cells of Bizzozero. The latter are iden- 
tical with the megakaryocytes of Howell. In tissue fixed with 
Regaud’s potassium bichromate-formol solution and stained with 
iron hematoxylin, Dubreuil describes a great abundance of 
minute granular mitochondria in the osteoclasts. The same 
technic revealed occasional, very minute, deeply staining granules 
in the megakaryocytes. Dubreuil is only willing to say that 
these latter granules are probably of the nature of mitochondria. 
Prenant (’11) , presumably using the Benda technic, claims to 
be able, with considerable difficulty, to demonstrate granular 
mitochondria of varying abundance in what he terms megakaryo- 
cytes. He does not state what marrow was used in his investi- 
gation. Neither Dubreuil nor Prenant give any illustrations in 
connection with their descriptions. It is therefore uncertain 
whether these investigators in all cases of cells called ‘cells of 
Bizzozero’ and ‘megakaryocytes,’ respectively, were actually 
dealing with the hemogenic giant-cells, or that all the polykaryo- 
cytes were actually osteoclasts. One becomes especially sus- 
picious in the case of Dubreuil, for he describes osteoclasts as 
giant-cells with either a single giant nucleus or with multiple 
nuclei. The cells of Bizzozero, or megakaryocytes, he correctly 
describes as cells with a nucleus with many buds, that is, cells 
with a complex or polymorphous nucleus. As a matter of fact, 
osteoclasts exist only as cells with more than one, usually many 
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nuclei, and the hemogenic giant-cells include also cells with 
many nuclei, that is, polykaryocytes. Prenant apparently con- 
siders all multinucleated giant-cells of marrow as osteoclasts, 
and he describes their mitochondria as consisting of three mor- 
phologic varieties : granules, rodlets, and vesicles. These three 
varieties I can demonstrate also in the hemogenic giant-cells, 
polymorphonucleated as well as multinucleated. 

In two other recent important contributions the results are 
likewise vitiated by failure to make a distinction between osteo- 
lytic and hemogenic giant-cells. Perroncito ('20) speaks of the 
predominant function of the giant-cells of red bone-marrow as 
one of phagocytosis, especially for bacteria, erythrocytes, and 
leucocytes. Pianese ('20) , while correctly interpreting the 
polykaryocyte (of the hemogenic series) as an advanced stage 
of development of the mononucleated giant-cells ('megakaryo- 
cytes'), holds erroneously that it can function also as an osteo- 
clast. Both Perroncito and Pianese hesitate to accept Wright's 
conclusion that blood platelets are fragments of giant-cell (hemo- 
genic) cytoplasm, but hhey are unable to furnish any conflicting 
evidence. 

I n  view of the prevailing confusion with regard to the giant- 
cells of red bone-marrow in growing and mature bones, it seems 
desirable to summarize in this connection my general conclusions, 
based upon an extensive study of osteolytic and hemopoietic 
foci, regarding two types of giant-cells. 

Giant-cells of bone-marrow belong to two ontogenetically, 
cytologically, and functionally distinct categories: the hemo- 
genic and the osteolytic (Jordan, '18, '21). The former develop, 
both in red bone-marrow and in the yolk sac, from mononu- 
cleated, lymphocyte-like cells, the hemoblasts (Jordan, '18, 
'19 a). They may exist as giant mononucleated cells (giant 
hemoblasts) , and as such are properly called megakaryocytes. 
They may suffer a nuclear modification, leading to a complex 
polylobulated 'basket' nucleus, and a t  such a stage are more 
correctly designated polymorphokaryocytes. This polymor- 
phous nuclear condition indicates a stage in amitotic nuclear 
division, and leads t o  a multinucleated condition, when the cell 
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may be termed a polykaryocyte (Jordan, '20). The osteolytic 
giant-cells, on the contrary, arise by the fusion of originally 
discrete cells of the bone-marrow, including osteoblasts and 
reticular cells, and are accordingly always and only multinu- 
cleated. After Wright's technic, the hemogenic giant-cell, 
whether mono-, polymorpho-, or multinucleated, and even in the 
condition of the ancestral hemoblast, is seen to contain a granular 
endoplasm which takes on a reddish lilac (red to  purple) color. 
The granules are variously designated as metachromatic and 
azurophil granules. From this granular cytoplasm, by segmen- 
tation of pseudopods and by fragmentation of larger areas, are 
formed the platelets. The cytoplasm of the osteolytic giant- 
cell does not react in this same way to Wright's technic, nor 
does it produce platelets (Jordan, '18). Furthermore, the 
hemogenic giant-cells are not phagocytic. The occasional 
inclusion of erythrocytes must be interpreted as the result of an 
intracellular differentiation in these potential erythroblasts, 
comparable to blood islands, and the included granulocytes as 
the result of an invasion of the disintegrating giant-cell cyto- 
plasm (Jordan, '20). The chief function of the hemogenic 
giant-cells is the production of platelets. The osteolytic giant- 
cells, on the contrary, are distinctly phagocytic. They ingest 
bone, senile erythrocytes, effete osteoblasts, bone cells, and 
various other types of debris. 

MITOCHONDRIA 

The giant-cells here to be considered are accordingly only of 
the hemogenic type, that is, the platelet-forming variety. 

An effort was originally made to stain the mitochondria of the 
giant-cells in fresh preparations of marrow with janus green. 
Various dilutions were employed, including the standard one of 
1 part of the stain to 10,000 parts of a normal salt solution. In 
such preparations the endoplasm appears granular, the minute 
granules staining a pale green color. The green-staining granules 
are presumably mitochondria, but originally such interpreta- 
tion seemed not quite certain for three chief reasons: 1) the 
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granules did not stain as intensely as did the mitochondria of 
certain other tissues similarly treated, e.g., those of the cells of 
the onion membrane; 2) the granules seemed too minute for 
mitochondria of such presumably highly differentiated cells, 
and the possibility presented itself that they might be the meta- 
chromatic granules revealed with Wright’s technic ; 3) it seemed 
probable that these cells should contain some bacillary and filar 
mitochondria. 

Accordingly, experiments with various fixing and staining 
technics were next undertaken. The only technic which gave 
acceptable results was fixation in a 2 per cent osmic-acid solution 
applied for four weeks. This method reveals abundant granular 
and annular (vesicular) mitochondria in the cytoplasm of the 
giant-cells (figs. 5 t o  11). An occasional small bacillary mito- 
chondrion also appears, but no filar mitochondria are present in 
my preparations. It seems, therefore, that the granules revealed 
by the janus-green solution in the fresh material are actually 
the mitochondria. The slightly larger size of the mitochondria 
in the fixed preparations may be the result of a slight swelling 
action of the osmic acid. Moreover, the metachromatic granules 
revealed by Wright’s technic are more minute, irregular, fre- 
quently clumped, and to some extent of a dust-like nature. The 
relation of the mitochondria to the metachromatic granules has 
not been determined. 

Cowdry’s (’14) illustrations of living blood platelets stained 
with j anus green, showing granular mitochondria, support my 
conclusion that the granules of the giant-cells revealed by the 
Kopsch technic are mitochondria. The platelets illustrated by 
Cowdry showing bacillary mitochondria may be of the sort 
derived from hemoblasts, or even from lymphocytes. In the 
red bone-marrow of the frog it has been shown that all varieties 
of leucocytes may produce platelet-like bodies, and it seems 
altogether probable that in mammals also lymphocytes may to  
a variable extent contribute to the sum of blood platelets formed 
predominantly by hemogenic giant-cells (’19 b). 

In my best set of preparations mitochondria are revealed 
only in the hemoblasts and the hemogenic giant-cells. No 
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mitochondria are discernible in the granulocytes. Nor are the 
several varieties of specific granules preserved. These granules 
of granulocytes are represented, with few exceptions, only by 
vacuoles, the negatives of the dissolved granules. In certain 
other sets, prepared by the same technic, the hemoblasts and 
giant-cells, with rare exceptions, lack mitochondria; but in 
these cases the granules of the granulocytes are deeply stained. 
They are spherical and annular in shape (fig. 13), and appear 
identical with the mitochondria of the giant-cells of the other 
sets of preparations. They can, however, be definitely identified 
as non-mitochondria1 granules by other than morphologic and 
tinctorial criteria, and not the slightest confusion exists between 
the cytoplasmic granules of blood granulocytes and the mito- 
chondria of hemoblasts and giant-cells. In certain sets only 
the former are preserved, in others only the latter. The point 
of special importance here concerns only the fact that even the 
Kopsch technic is not specific for mitochondria. This technic 
stains in the same way also the specific granules of the amphophil 
(special) and eosinophilic granulocytes, and in such manner as 
to closely simulate mitochondria. 

The large eosinophilic granules stain generally only a deep 
brown (fig. 13 b), while the granules of the special leucocytes 
stain black (fig. 13 a). Error and confusion are obviated by the 
fact that only one of the elements, that is either the specific 
granules or the mitochondria, stain, with an occasional excep- 
tion, in the same preparation. This fact emphasizes also the 
extreme capriciouness of the action of this most favorable mito- 
chondrial technic. Moreover, the reaction to osmic acid suggests 
that the amphophil and eosinophil granules also contain a lipoid 
constituent. The ring-shaped character of especially the eosino- 
philic granules results most probably from the solution of the 
central, less resistant, portion of the granules by this technic, 
or it may perhaps result from the rarefaction of the center of the 
granule due to a swelling action of the osmic acid. 

In hemoblasts appear only relatively few mitochondria, and 
a large number of these are of the short bacillary variety (figs. 
1 to 4). In general, as the giant-cell progresses in development, 
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that is, as it passes to the more complex polymorphonucleated, 
and ultimately to the polynucleated condition, the bacillary 
and granular types of mitochondria relatively decrease numeri- 
cally and the vesicular or annular type increases (compare figs. 
5 and 7 ) .  

Since the Kopsch technic preserves the nuclei only poorly, 
a minute seriation of successive stages cannot be determined. 
Accordingly, giant-cells, apparently closely similar with respect 
to nuclear condition, contain in one case predominantly granular 
mitochondria, in other cases predominantly vesicular forms 
(figs. 6 to 8). According to the Lewises, in cultures of young 
connective tissue ring-shaped mitochondria represent a stage 
in degeneration and are characteristic of the older cells (p. 395). 
This agrees with my original conclusion with regard to these 
giant-cells. Duesberg (’20), however, interprets mitochondria 
of vesicular form (in older spennatids of opossum) as the result 
of ‘defective fixation.’ In living cells in teased preparations 
he could see no vesicles, but only solid granules. He states 
further that during this particular period of spermogenesis the 
mitochondria are especially sensitive to the action of fixing 
reagents, while at  the same time exhibiting an increased resist- 
ance to the dissolving action of acetic acid (p. 64). N. H. 
Cowdry (’20) finds that in plant cells the form of the mito- 
chondria v.aries in the same type of cell without discernible 
cause, developmental, preservative or pathologic. He says that 
‘it is impossible to find two rootlets, although growing under 
precisely similar conditions, in which there is not some difference 
in the mitochondrial contents of cells from similar portions.’ 
He finds ‘also that there is much variation in the manner in which 
mitochondria react to experimental conditions in different parts 
of the same rootlet and also in rootlets of different stages of 
growth’ (p. 197). Nicholson (’16), on the contrary, records for 
certain types of neurons of the brain of white mice a fairly specific 
qualitative difference in the mitochondrial content, as well as a 
fairly constant variation in form of mitochondria in different 
parts of the same cell (p, 342). Moreover, in the eosinophilic 
leucocytes preserved in the marrow fixed with osmic acid, many 
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of the granules appear vesicular (fig. 13). I come to the tentative 
conclusion that as these giant-cells progress in development 
beyond the hemoblast stages bacillary mitochondria give way 
to granular, and that in the older stages of the polymorphokaryo- 
cytes the granular mitochondria react to this technic in such a 
manner as to give the appearance of a vesicle or ring. Appar- 
ently the less resistant center of the eosinophilic granule, and of 
the granular mitochondrion, is dissolved or rarefied by the 
o,smic acid of this technic. 

The mitochondria abvkusly increase enormously in number 
as the young giant-cells grow in size, but I have seen no indi- 
cation of the manner of mitochondria1 formation. The most 
obvious conclusion would seem to be that in these cells new 
mitochondria arise from out of the cytoplasm rather than by 
segmentation of preexisting mitochondria. Only occasionally 
are the mitochondria arranged in definite lines, simulating in 
this condition varicose or segmenting fibrils (fig. 9). 

In certain giant-cells the segregation of the mitochondria 
within the endoplasm is striking (figs. 5 and 7). In this respect 
the mitochondria are disposed like the metachromatic granules 
shown in preparations according to Wright's technic. In these 
cases there appears a clear, narrow, non-granular exoplasmic 
layer. However, no evidence appears in my preparations bear- 
ing on the question of the genetic relation between mitochondria 
and the metachromatic granules. The number of mitochondria 
also varies greatly in different cells (compare fig. 7 with figs. 
10 and 11). 

As regards mitochondria, therefore, the definite result accrues 
from this study that the hemogenic giant-cells of red bone- 
marrow are characterized by a type of mitochondria predomi- 
nantly of the small granular form. 

THE GOLGI APPARATUS 

The sole recorded observation on the internal reticular appa- 
ratus of Golgi in giant-cells of red bone-marrow is a brief refer- 
ence by Retzius ('01). Retzius used the bone-marrow of young 
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rabbits and cats. A t  least in so far as he dealt with the bone- 
marrow of rabbits, he was almost certainly concerned exclusively 
with the hemogenic giant-cells. His results may therefore be 
properly compared with mine for this tissue. 

Retzius used as fixing fluids Rabl’s mixture (sublimate-picric- 
acetic-acid) and Carnoy’s fluid. In preparations stained with 
iron hematoxylin and various counterstains, including eosin, 
he claims to  be able to demonstrate the Golgi apparatus. 

Since Retzius’ contribution includes no illustrations, and since 
the modified Kopsch technic gives a picture very different from 
that described by Retzius, I repeated Retzius’ technic with a 
view to observing the specific appearance that he interpreted as 
a Golgi apparatus. 

The condition that seems least likely to represent a fixation 
artifact, while at  the same time corresponding fairly closely 
to the description of Retzius, appears in the preparations fixed 
with the Carnoy fluid no. 1 (absolute alcohol 60 cc., chloroform 
30 cc., glacial acetic acid 10 cc.). Rabl’s mixture, as also the 
Carnoy’s fluid no. 2, produces results which are obviously exag- 
gerations of the condition seen in the tissue fixed with the unmodi- 
fied Carnoy’s fluid, and which seem clearly to be fixation alter- 
ations. As illustrated in figure 12, the Carnoy fluid (no. 1) 
discloses a collection of anastomosing canals, in general parallel 
with the surface, and apparently opening onto the periphery. 
The system, as revealed by changing the level of focus, is rather 
more complex than could be shown to advantage in the illustra- 
tion. This system answers to Retzius’ description of a structure 
of ‘peculiar canal-like character apparently similar to the tropho- 
spongium described by Emil Holmgren in spinal ganglion cells.’ 
Influenced, however, by Heidenhain’s idea regarding the func- 
tion of these giant-cells, namely, ‘that they serve solely to imbibe 
and alter proteids taken either from the lymph or the blood 
stream to be again returned to them’ (cited from Retxius), he 
inclined to interpret this system of canals as ‘similar to the 
secretory canals of gland cells rather than nutritive canals.’ 
He states further that ‘these canals of giant-cells appear to be a 
mechanism for the elimination of products of metabolism of these 
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cells.’ This conclusion he regards as favored also by the fact 
that the canaliculi open upon the periphery. 

I t  seems important to record the fact that  the appearance of 
the cytoplasm differs greatly in different cells of my preparations 
fixed with Carnoy’s fluid. In  some cells i t  appears homogeneous 
or very finely granular, without indication of either canalicular 
network or mitochondria; in other cells the cytoplasm is filled 
with black-staining granules and varicose threads, the granules 
being appar;ently identical with the mitochondria of the Kopsch 
preparations. In the cells in which the cytoplasm is canalized 
as above described, the black-staining granules and threads 
are either extremely rare or entirely lacking. I am unable 
to decide, on the basis of available data, whether this difference 
in the constitution of the cytoplasm represents a genuine func- 
tional and structural difference or a variable effect of the fixing 
process, or whether it is correlated with a difference in the stage 
of development, showing itself in a difference of reaction to  the 
Carnoy mixture. The latter interpretation seems to me the most 
probable. 

I t  is of prime interest that  Retzius states that he was unable 
to demonstrate ‘this canalicular apparatus of giant-cells by 
the application of Golgi’s chrom-osmium-silver method so 
favorable for revealing this apparatus in gland cells.’ This was 
also my experience. In fact, I was unable to demonstrate such 
a canalicular apparatus of Holmgren or a genuine Golgi reticulum 
by any of the standard methods, other than the Kopsch method 
in the case of the Golgi net, in gener,al use for the preservation 
of these cell contents. 

I n  my experiments with various fluids for the demonstration 
of mitochondria and the Golgi apparatus in the giant-cells of 
bone-marrow I used in practically every attempt also testicular 
tissue. With the Kopsch method it was a simple matter to  
demonstrate in the same sections of the testis (rabbit and opos- 
sum) structures identicaf with what have been described and 
illustrated many times by many workers with various technics, 
both mitochondria and Golgi apparatus (fig. 14). With the 
time modification the Kopsch method revealed similar structures 
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in the giant-cells of the red bone-marrow (figs. 5 and 7). I 
therefore feel justified in concluding that a structure, entirely 
difierent from that described by Retzius, and agreeing in essential 
particulars with the reticular apparatus of Golgi described in 
many other cells, occurs typically in these giant-cells of red 
marrow. In short, the technic employed by Retzius does not 
reveal the Golgi apparatus, but does disclose a system of anasto- 
mosing canals that may correspond to what Holmgren has 
described as a trophospongium; but which seem to me, a t  least, 
in this tissue, to be of the nature of a fixation artifact. 

The conception that I have acquired of this ‘canalicular appa- 
ratus’ in these giant-cells of my preparations fixed in Carnoy’s 
fluid is that of a result produced by a condensation (coagulation) 
of the cytoplasm along certain planes, leaving thus an irregular 
system of intervening layers of more fluid substances simulating 
canals. In this field of cytology it is especially upsafe to  make 
unqualified statements, and I would not be understood to even 
intknate that all so-called trophospongium and canalicular 
apparatus is artificial, either the result of fixation or temperature 
changes. But I feel quite in accord with Duesberg’s (’20) con- 
clusion that the closed, localized Golgi apparatus is a structure 
distinct from the diffuse canalicular apparatus, opening at 
certain points on the periphery, commonly described as Holm- 
gren’s trophospongiqm, in spite of Holmgren’s (’14) insistence 
that these two structures are one and the same thing. At any 
rate, in these giant-cells the canalicular apparatus revealed by 
the Carnoy’s fluid, and first described by Retzius, has no direct 
relation to the much smaller and sharply localized network as 
revealed by the Kopsch technic. Moreover, this network, which 
I am designating as the Golgi apparatus, consists, as revealed 
after the osmic-acid treatment, of solid slements, not of canals. 

The Golgi apparatus of the hemogenic series of giant-cells 
appears already in the hemoblasts as a closed loop of somewhat 
irregular form, closely applied to the surface of the centrosphere 
(figs. 1 to 4). 1 have not succeeded, as 1 had hoped to do, 
in tracing the detailed steps of its development concomitant 
with the assumption of the polymorphonucleated and the multi- 
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nucleated conditions of these giant-cells. But the Golgi appa- 
ratus clearly enlarges and becomes more of the nature of a closed 
network, always located close to the area which contains, as 
deduced from other preparations, the fragmenting centrosomes 
(fig. 5 ) .  In the later polynucleated stages, determined as 
accurately as the poorly preserved nuclei of this technic will 
permit, the reticular apparatus is lacking. It apparently breaks 
up and disappears coincidently with the partition and disap- 
pearance of the centrosomes (fig. 9). 

The question of relationship between Golgi apparatus and 
mitochondria, seeing that they react in similar fashion to the 
osmic acid, presents itself for consideration. On the basis of 
staining reaction in osmic acid, one might conclude that Golgi 
apparatus and mitochondria are only different portions or 
different morphologic expressions of a chemically identical, 
certainly similar, cytoplasmic element. Such conclusion would 
seem to receive support from the fact that, when closely analyzed, 
the Golgi apparatus, especially in male germ cells, appears to 
be composed of elementary rods and granules, fused into a more 
or less intricate and continuoqs network; and further, from the 
additional fact that the mitochondria tend to aggregate about 
the centrosphere, the vicinity of which is frequently the site 
also of the Golgi apparatus (fig. 14). 

In the hemoblasts and their giant-cell derivatives the Golgi 
apparatus is located close t o  the position of the centrosome 
(figs. 1 to 4). If the mitochondria which have congregated about 
the centrosphere fused, a network would presumably result very 
similar to the network of this location called the Golgi apparatus 
(fig. 5). However, there is no crucial evidence to prove that 
the granules scattered throughout the cytoplasm, and which 
appear identical with mitochondria, are not actually derived by 
fragmentation from the Golgi apparatus. Determination of 
relation, on the basis of staining reaction to osmic acid, is made 
to appear still more uncertain when we recall the close similarity, 
amounting apparently to an identity, between the special (ampho- 
phil) and eosinophilic granules of the granulocytes of this marrow 
and the mitochondria of the giant-cells. 
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Both the conclusion of an identity of these elements and that 
of a dissimilarity have had numerous supporters. Perroncito 
('lo), Cajal ('14), and Gatenby ('19), for example, regard these 
elements as genetically distinct structures; Deineke ('14) and 
n'lonti ('15), among others, regard them as only different mor- 
phologic expressions of the same substance. Duesberg ('20) 
originally regarded the two elements as different structures. 
In his latest consideration of this question, he seems unwilling 
to state a definite conclusion, while apparently inclining to a 
belief in a close genetic relationship. 

When one recalls the illustrations (figs. 5 and 9) of the Lewises 
('15) showing the granular mitochondria of connective-tissue 
cells in tissue cultures fusing to  form bacillary and filar mito- 
chondria, which latter anastomose to form a complicated net- 
work, one sees a series of events which has been actually observed 
in living cells paralleling in a measure the steps that would most 
conceivably be taken by mitochondria in the process of trans- 
formation into a Golgi apparatus. 

We know as yet too little definitely about the chemistry of the 
Golgi apparatus, and of the chemically different substances and 
mixtures which may give an identical color reaction with osmic 
acid, to warrant anything approaching a final statement with 
regard to the genetic relationship between the mitochondria and 
the Golgi apparatus. In this material, considering the practically 
innumerable granules in the cytoplasm, and the localized dis- 
tribution and the relatively small size of the Golgi apparatus, 
we are on safe ground when we interpret the granules of the giant- 
cell cytoplasm as mitochondria, rather than as portion of a diffuse 
Golgi apparatus. 

As regards the physical constitution of the Golgi apparatus, 
Pappenheimer ('16) inclines to accept the conclusion of Cajal 
that the apparatus consists of a system of canaliculi which are 
filled wit'h a lipoid-containing substance. The canals are thought 
to be relatively rigid and of permanent form in certain fixed 
cells, but more plastic in secretory and embryonic cells (p. 138). 
Duesberg ('20) expresses some skepticism regarding such an 
interpretation (p. 76). Rensley ('14) interprets the apparatus 
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in the islet cells of the pancreas of the guinea-pig as a network 
of canals (p. 365), while Gatenby (’19) considers both Golgi 
apparatus and mitochondria to consist of a substance of living 
protoplasm denser than the surrounding medium in which they 
lie (p. 115). 

E. V. Cowdry (’21) suggests the terminology ‘reticular mate- 
rial’ for the so-called Golgi apparatus, in view of our limited 
knowledge regarding its intimate structure. He describes i t  
as a restricted area of fluidity in the cytoplasm (p. 8). His 
observations on this ‘material’ in the erythroblasts, leucocytes 
and lymphocytes of the red marrow of the guinea-pig lead him 
to the tentative conclusion that it is of a ‘watery consistency, 
being even more fluid than the general ground substance, and 
is probably changing its form continually as i t  plays its obscure 
part in the activities of the cell, for no two networks as seen 
in fixed preparations of blood cells, or any other kind of cell, 
are exactly alike’ (p. 7). 

My own observations incline me to  an interpretation of the 
Golgi apparatus in terms of solid fibrils rather than of canaliculi; 
a t  least ‘solid’ in a manner similar to the constitution of the mito- 
chondria and that of the eosinophilic granules of the leucocytes. 
In some of the preparations the latter granules are deeply stained 
by the osmic acid, like the mitochondria of other preparations, 
and appear solid. In other preparations, where the mitochondria 
have become visible by the reaction to osmic acid, the eosino- 
philic granules have been dissolved, leaving only spherical 
vacuoles. In  a similar fashion, the presumably solid Golgi 
net may be conceived to become in certain instances a system of 
canaliculi by the solution of fibrils, leaving behind the cyto- 
plasmic mold of which the ‘fibrils’ formed the cast. The chang- 
ing form and character of the Golgi apparatus would be the 
consequence of the continual addition of new portions (mito- 
chondria?) and the continual destruction or resorption of other 
portions. 
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SUMMARY 

1. The hemogenic giant-cells of the red bone-marrow, the 
so-called megakaryocytes, contain abundant granular a i d  a few 
bacillary mitochondria. In the earlier stages the bacillary forms 
predominate, in the later stages the granular are in excess. 

2. The same cells contain also a relatively small Golgi appa- 
ratus in the form of a more or less complicated skein localized 
in the yicinity of the centrosomes. The Golgi apparatus frag- 
ments and disappears in the later multinucleated stages of these 
cells. 

3. Both of these structures can be demonstrated in the same 
cells after prolonged treatment with a 2 per cent solution of 
osmic acid. 
4. The Golgi apparatus thus demonstrated is an entirely 

different structure from the canalicular network or tropho- 
spongium first described by Retzius in these cells fixed with either 
Rabl’s or Carnoy’s solutions. 

5. The results of this cytologic investigation of these giant- 
cells in the red bone-marrow of the rabbit and the guinea-pig 
lead to the tentative conclusions that the so-called tropho- 
spongium of these cells as demonstrable in Carnoy-fixed tissue 
is an artifact, that the Golgi network consists of anastomosing 
varicose fibrils and rods, and that the Golgi apparatus and 
mitochondria are only morphologically different portions of 
the same substance, the former resulting from a fusion of the 
latter while aggregated in the neighborhood of the centrosphere. 
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PLATE 1 

EXPLANATION OF FIGURES 

All figures were drawn with a Lcitz 1/16 objctive, a no. 1 ocular, and a camera 
lucida. 

1 Hemoblast. The nucleus appears as a central, pale, homogeneous, circular 
area. Above the nucleus is a small, clear, circular area, the centrosphere, closely 
applied t o  which a t  the left is a deeply staining, collapsed loop-like structure, the 
Golgi apparatus. Throughout the cytoplasm, for the most part near the nuclear 
wall, are scattered granular and bacillary mitochondria. 

2 Hemoblast. In this (*ell the Golgi apparatus encircles the centrosphere, 
and appears to  consist of several fused rods and granules. The cytoplasm con- 
tains a few vesicular mitochondria. 

3 Later hemoblast, or young mononucleated giant-cell, apparently in ame- 
boid motion. Along the upper 
border the mitochondria are aggregated into spherical group suggesting either a 
forming or a disintegrating Golgi apparatus. 

The Golgi apparatus consists of a large, apparently continu- 
ous, bilobed net, closely applied to  the nucleus. The mitochondria are predomi- 
nantly of the bacillary form. A few mitochondria are shown scattered over the 
central nucleus. 

5 Young polymorphokaryocyte. The enlarged nucleus is still relatively 
simple, consisting of two large lobes connected by a narrow bridge of nuclear 
material. Within the nuclear concavity, slightly to  one side, the usual location 
of the now fragmenting centrosome, is situated an intricate network of delicate 
and dceply staining threads, the Golgi apparatus. The cytoplasm contains 
mostly short, rod-shaped mitochondria, with a few granules and vesicles. A nar- 
row, clear, non-granular exoplasmic layer is here very conspicuous. 

G Older polymorphokaryocyte (megakaryocyte). The Golgi apparatus is not 
here shown. The cytoplasm is packed with exclusively granular mitochondria.. 

7 Older hernogenic giant-cell with complex polymorphous nucleus (polymor- 
phokaryocyte). It consists of an 
intricate skein of deeply staining threads. The mitochondria are predomin- 
antly vesicular. 

The mito- 
chondria are very abundant, including both granules and vesicles. 

The magnification is about 1600 diamrters. 

The mitochondria are largely of bacillary form. 

4 Hemoblast. 

The Golgi apparatus is shown t o  the left. 

8 Section of preceding cell, 15p beyond the section of figure 7. 
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PLATE 2 

EXPLANATION O F  PIGURICS 

9 Later stage of hernogenic gixnt,-ccll. At opposite poles of t'he nucleus arc 
1oc:itcd t,wo sin:tll, irregular, clet,ply st,:iining networks, presumably t,he remnnnts 
of the originally single Golgi appar:itus. Each moiet,y of the Golgi net lies 
peripheral to  a cytoplasrnic vacuole. The  vacuole m:Ly h:tve been produced by a, 

contraction of the Golgi nets during tiissolut~ion or during fixation. The mito- 
olionilria are exclusively of t,he minute granular type. ;\hove, in a clearer cir- 
eri1:tr :ma, the mit,ochondri:i :ire so alinctl as to simiilatc varicose and segmenting 
thrcads. 

10 Polykaryocyto of thc; homogenic series. Scvcral blunt pseudopods occur 
on t'liis cell. Tlic mitoclioiitlria include short rods, granules, :tnd vesicles. 

11 Similar giant-cell with rc1:ttivcly few rnitochondria, tlic majority in the 
form of vesicles. 

12 Giant-re11 from marrow of r:hhit, fixed lyith Carnoy's fluitl no. 1 and 
stained with iron hcmat,oxylin. The cytop1:isin contains an anast,oniosing system 
of c::initls, corresponding t,o t,he so-cdled trol)hosF)oiigium of Holmgren. Similar 
:tl)l)c:ir:inces in these cells fixed in the same ~v:iy vcrc  tlcscribcd hy Retzius n s  a 
Golgi :ippar:rtus of thc  cells. The  presuriipt,ion would seem t o  he justified that  
in these cells tlrc 'c:inals' are fixation nrtifacts. 

Spcci:tl (:imphophil) and eosinophilic gr:uiulocytc, rcspcctively, of 
Inarroiv of the guinea-pig as they appear in I<ol)sch prepzirntions. Yote the 
siriiilurit,y of tlic: granules t o  mit,ochontlrin. 

Primary spermocytes of testis of rahhi t ,  preserved by t'he Iiopsch 
incthod. Thc cytoplasm 
coiitains a. number of gr:inula.r :ind b:icill:iry mitochontlria. About the centro- 
spherc is loc:it,etl it deeply st,aining network of varicose threads, presumably 
formed by fusion of rods and granules. In h :tiid c occurs a t'hird st'ructiire simn- 
lating somrwh:it :i sniallcr Golgi appnrntus. It is usually located at the nuclear 
polc oppos i te  t o  that  occupied by t,ho centrosphere and the Golgi app:xratus. 
It, may however be locatcd closc t o  the 1:trger netlwrk (as in  c ) ,  and sonic cells 
contain t1i-o such groups. This third structure is tentatively interpreted here 
us resulting from the aggregation of mitochondria in  certain regions. 

13 a and b 

14 a, b and c 
'I'hc c.cnt,r:il nucleus appears as a p:tlc, circul:~r area. 
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